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INTRODUCTION 


The  recent  discovery  of  a  single  nucleotide  polymorphism  (SNP)  in  the  mdm2  promoter 
uncovered  a  previously  unknown  role  of  this  SNP  in  predicting  early  onset  of  breast  and  the 
possibility  that  this  germ  line  variation  could  decrease  the  effectiveness  of  treatment.  These 
outcomes  are  likely  due  to  the  increased  expression  of  mdm2  protein  in  SNP309  individuals, 
which  blunts  the  p53-mediated  apoptotic  response  to  DNA  damage.  The  objective  of  this 
proposal  is  to  test  the  hypothesis  that  SNP309  decreases  the  effectiveness  of  radiation  and 
chemotherapy  in  breast  cancer  patients  and  that  this  negative  impact  can  be  overcome  by  targeted 
down-regulation  of  mdm2.  The  rationale  in  support  of  these  objectives  are  molecular 
epidemiological  data  showing  that  individuals  harboring  SNP309  are  at  increased  risk  for  early 
onset  breast  cancer,  and  laboratory  studies  showing  that  SNP309  decreases  the  activity  of  DNA 
damaging  agents.  If  we  are  to  achieve  better  results  of  treatment  for  patients  with  breast  cancer, 
the  choice  of  treatment  must  eventually  benefit  from  a  more  precise  understanding  of  the  genetic 
abnormalities  that  are  present  in  each  individual’s  tumor.  Using  the  same  dose  of  drug  or  amount 
of  radiation  for  each  breast  cancer  patient  cannot  possibly  be  consistent  with  our  understanding 
of  modern  molecular  medicine.  For  example,  subtle  variations  in  our  genetic  code  (called  single 
nucleotide  polymorphisms,  [SNPs  “snips”])  exist  in  the  human  population  and  make  us 
susceptible  to  certain  diseases  and  resistant  to  others.  Similarly,  these  polymorphisms  can  make 
us  more  or  less  sensitive  to  treatment.  Since  these  polymorphisms  exist  both  in  breast  cancer  and 
in  normal  tissues,  understanding  their  impact  on  both  the  patient  and  the  tumor  will  eventually 
guide  the  choice  and  dose  of  drug  and  amount  of  irradiation.  Therefore,  our  objective  is  to 
improve  the  ways  in  which  patients  with  breast  cancer  are  evaluated  and  treated  through  an 
understanding  of  subtle  variations  in  the  human  genome.  The  proposal  brings  together  a  team  of 
molecular  biologists/epidemiologists,  pharmacologists,  radiation  and  medical  oncologists,  and 
statisticians  to  focus  on  this  novel  approach  to  breast  cancer  treatment. 


BODY 

Task  1.  Determine  the  impact  of  mdm2  SNP309  on  the  results  of  breast  irradiation 
Updating  and  assuring  complete  clinical  data  has  been  ongoing.  Paperwork  for  IRB  in 
accordance  with  recommendations  from  the  IRB  at  CINJ  and  the  human  investigations 
committees  of  the  DOD  was  completed  and  IRB-approval  obtained.  Patient  accrual  was 
initiated  through  the  Radiation  Oncology  Clinics. 

We  have  completed  analysis  of  mdm2  on  the  cohort  of  patients  whom  we  have  long  term  follow¬ 
up.  We  confirmed  an  association  of  SNP309  with  young  patient  age  in  the  population  of  over 
250  patients  previously  treated  with  long-term  follow-up.  While  all  patients  in  the  previously 
treated  database  were  in  a  younger  age  group,  a  larger  percentage  of  patients  of  the  GG  genotype 
were  under  age  40  compared  to  the  TT/TG  genotypes  (65%  vs  35%,  p  <  0.01).  We  also  found  a 
correlation  with  race,  with  few  African  American  patients  having  the  GG  homozygous  genotype 
at  SNP309.  There  were  no  other  strong  correlations  between  the  SNP309  status  and  clinical- 
pathologic  variables  such  as  histology,  ER  status,  Her2  status,  nodal  status,  T- stage,  family 
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history.  There  did  not  appear  to  be  strong  correlations  with  local-regional  outcome  in  this 
dataset.  There  appears  to  be  a  trend  toward  excess  contralateral  events  with  a  10-year  event  rate 
of  9%  in  the  TT/TG  subset  compared  to  over  20%  in  GG  carriers.  In  addition,  in  this  data  set 
there  was  a  difference  in  distant  metastasis  in  the  GG  subtypes,  with  the  10  year  rate  of  distant 
metastasis-free  survival  89%  in  the  TT/TG  subset  compared  to  76%  in  the  GG  subtype  (p  =0.04). 
This  will  be  further  explored  in  multivariate  analysis.  Although  there  were  no  clear  differences  in 
local  control,  further  exploratory  subset  analysis  will  be  performed  to  determine  if  there  are 
subsets  within  this  cohort  with  higher  local  relapse  rates. 

In  the  prospective  cohort,  we  continue  to  recruit  patients  in  the  radiation  therapy  clinic  as  well  as 
in  CINJ  breast  clinic.  In  the  radiation  therapy  clinic  we  continue  to  actively  accrue  patients  and 
continue  accrual  in  the  CINJ  clinics  such  that  we  will  have  reached  our  accrual  goals  of  patients 
treated  with  breast  conserving  surgery  and  radiation  by  years  end.  We  will  then  analyze  this 
larger  cohort  for  SNP309  and  evaluate  outcomes  and  clinical-pathologic  correlations  over  the 
next  year. 

Immunohistochemical  Analysis  of  MDM2 

Cells  suffering  DNA  damage  ultimately  progress  through  apoptotic  pathways,  in  which  p53 
plays  a  central  role.  Murine  double  minute  2  (MDM2)  and  its  related  ortholog  MDM4,  are 
involved  in  the  negative  regulation  of  p53  including  ubiquitin-mediated  targeting  of  p53  for 
proteolytic  degradation  and  transcriptional  activity.  Moreover,  MDM2  is  induced  by  p53  thus 
creating  a  negative  feedback  loop  (Wu,  1993;  Barak,  1993;  Kussie,  1996;  Lin,  1994;  Freedman, 
1999).  Apart  from  its  p53  ubiquitination  function,  MDM2  has  other  functions  including  nuclear- 
cytoplasmic  shuttling  of  p53  and  prominent  interactions  with  various  ribosomal  proteins  (Roth, 
1998;  Marechal,  1994).  MDM4  has  similar  structure  and  function  to  MDM2;  however,  it  can  be 
degraded  by  MDM2  (Shvarts,  1997;  Shvarts,  1996;  Okamoto,  2005).  Appropriate  expression  of 
p53  propels  cells  down  apoptotic  pathways,  but  this  progression  may  be  counteracted  by 
overexpression  of  MDM2/MDM4  and  subsequent  degradation  of  p53.  It  follows  that 
dysregulation  of  p53  by  MDM2/MDM4  could  potentially  cause  radiation  resistance  through 
inability  of  the  cell  to  undergo  p53-mediated  apoptosis. 

Several  studies  have  reported  the  significance  of  MDM2  in  cancers  of  the  prostate,  breast  and 
ovary  (Marchetti,  1995;  Marchetti,  1995;  McCann,  1995;  Khor,  2005).  In  breast  cancer,  MDM2 
has  been  extensively  studied  as  prognostic  marker  for  overall  and  disease  specific  survival.  Over 
expression  of  MDM2  has  found  to  be  associated  with  worse  breast  cancer  specific  survival  and 
has  been  demonstrated  to  have  a  role  in  enhancing  estrogen  receptor  alpha  (ERa)  mediated  gene 
expression  and  altering  ERa  stability  (Kim,  2011;  Turbin,  2006;  Marchetti,  1995;  Duong,  2007). 
However,  the  significance  of  MDM2  on  local  recurrence  of  breast  cancer  has  not  been 
adequately  explored  with  most  reports  focusing  on  either  recurrence- free  survival  or  overall 
survival  (Khor,  2005).  Specifically,  there  have  been  no  reports  assessing  the  significance  of 
MDM2  on  local  recurrence  in  early  stage  breast  cancer  treated  with  BCS  +  RT.  Additionally, 
relatively  little  is  known  regarding  the  effects  of  over/under  expression  of  MDM4  and  p53  on 
local  recurrence. 

Because  MDM2  SNP309  correlates  with  expression  of  mdm2  (Bond,  2005),  we  also  explored 
whether  mdm2  expression  correlated  with  in-breast,  regional  (lymph  node),  and  distant 
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recurrence  of  breast  cancer  in  women  treated  for  early  stage  breast  cancer.  MDM4,  another 
negative  regulator  of  p53,  and  p53  itself  were  also  evaluated  for  prognostic  value  in  this  cohort. 
This  analysis  was  limited  as  germline  DNA  from  peripheral  blood  was  not  available  genotyping. 
Genotyping  was  not  performed  on  tumor  tissue  as  patient  tissue  did  not  have  consent  for  such 
analysis.  Breast  cancer  tissue  cores  were  compiled  into  a  tissue  microarray  (TMA),  n=514,  that 
was  evaluated  for  MDM2,  MDM4,  p53.  All  patients  had  histological  evidence  of  invasive  breast 
carcinoma  with  early  stage  (I/II)  disease  and  were  treated  with  breast  conserving  surgery  and 
radiation.  The  size  of  the  primary  tumor  was  considered  to  be  the  largest  tumor  diameter  reported 
by  the  pathologist  after  surgical  excision.  Margin  status  was  defined  as  positive  if  tumor  cells 
were  present  on  the  most  peripheral  slide  of  the  tumor.  Following  surgery,  patients  received 
standard  whole  breast  irradiation  to  a  total  median  dose  to  the  breast  of  48  Gy  and  a  total  tumor 
bed  dose  of  64  Gy;  regional  nodes  were  treated  to  a  median  dose  of  46  Gy,  as  clinically 
indicated.  Adjuvant  systemic  chemotherapy  and/or  adjuvant  hormone  therapy  was  administered 
as  clinically  indicated  in  accordance  with  standard  practices  during  this  time  interval.  Local 
recurrence  was  defined  as  clinically  and  biopsy-proven  relapse  in  the  ipsilateral  breast.  Ipsilateral 
breast  recurrence  free  time  was  defined  from  the  time  of  initial  diagnosis  to  ipsilateral  breast 
tumor  relapse;  nodal  relapse  free  time  was  defined  as  the  time  from  initial  diagnosis  to  the  time 
of  biopsy  proven  nodal  relapse;  locoregional  recurrence  free  time  was  defined  as  time  from 
initial  diagnosis  to  either  ipsilateral  breast  recurrence  or  nodal  recurrence.  Descriptive  statistics 
comparing  MDM2  expression  with  conventional  markers  of  tumor  aggressiveness  were  analyzed 
by  standard  chi-squared  tests,  or,  when  appropriate,  Fisher’s  exact  test.  Estimates  of  disease-free 
survival  were  calculated  by  the  Kaplan-Meier  product-limit  method  and  the  differences  were 
assessed  by  the  log-rank  test.  Probabilities  of  survival  were  calculated  from  the  date  of  breast 
cancer  diagnosis  to  either  the  date  at  which  relapse  was  clinically  identified  or  the  date  of  last 
contact.  Univariate  and  multivariate  survival  analysis  was  carried  out  using  Cox’s  proportional 
hazard  regression  model.  Multivariate  analysis  was  used  to  assess  the  independent  contribution 
of  each  variable  to  survival,  statistically  significant.  A  computer  program  package  SAS  (Version 
9.2,  SAS  Institute,  Cary,  NC)  was  used  for  all  statistical  testing  and  management  of  the  database. 

Results  of  Immunohistochemical  Analysis 

Descriptive  statistics  and  correlations  with  clinicopathologic  markers 

The  description  of  the  entire  patient  cohort  is  shown  in  Table  1 .  The  median  age  at  diagnosis  of 
the  entire  patient  cohort  was  55  years  (range  25-88  years)  with  40%  of  patients  being  younger 
than  50  at  the  time  of  diagnosis.  63%  ( n=  183),  29%  (n—  86)  and  10%  ( n=  40)  of  the  patient 
population  were  ER,  PR  and  HER2/new  positive  respectively.  Twenty-five  percent  (n=  72)  of  the 
patient  population  was  negative  for  all  three  markers.  46%  ( n=  140)  of  patient  population 
received  adjuvant  hormonal  therapy  and  36%  ( n=  108)  of  the  patient  population  received 
adjuvant  chemotherapy.  Fourteen  percent  (n=  72)  received  both  adjuvant  hormone  and 
chemotherapy.  As  of  September  2009,  median  follow-up  on  this  cohort  was  7.23  years  during 
which  17.5%  (n=90)  of  patients  died.  Fifty  patients  (9.7%)  experienced  ipsilateral  breast 
recurrence,  2.3%  (n=12)  experienced  nodal  relapse  and  11.3%  (n=58)  experienced  locoregional 
recurrence. 

Immunohistochemical  staining  results 

The  predominant  intracellular  staining  of  MDM2  was  cytoplasmic.  Immunoreactivity  was 
completely  absent  in  some  tumor  cores  while  in  others,  the  number  of  immunoreactive  cells 
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ranged  from  very  few  to  the  majority  of  cells.  Samples  of  both  positive  and  negative  cores  and 
slides  are  shown  in  Figure  1.  Of  26  cores,  8.6%  were  scored  as  positive  for  MDM2  staining 
while  91.4%  were  scored  as  negative.  Staining  for  MDM4  was  less  specific  with  56.7%  («=174) 
of  tumor  cores  being  scored  as  positive  (data  not  shown).  Immunoreactivity  for  MDM4 
encompassed  a  range  from  very  few  cells  stained  positive  to  almost  all  cells  being  stained 
positive.  Staining  for  MDM4  was  predominantly  nuclear.  Thirty-one  percent  (n=140)  of  patients 
stained  positive  of  p53  with  the  staining  being  predominantly  nuclear  (data  not  shown). 

Association  between  MDM2  and  patient  outcomes 

Ten-year  survival  analysis  was  performed  for  ipsilateral  breast  recurrence  free  survival  (IBRFS), 
nodal  recurrence  free  survival  (NRFS),  and  locoregional  recurrence  free  (LRFS)  as  a  function  of 
MDM2,  MDM4  and  p53  expression.  Only  MDM2  was  found  to  be  a  significant  predictor  of 
IBRFS  (p=0.0319)  and  LRFS  (p=0.0165)  by  log  rank  test.  The  corresponding  survival  curves 
are  shown  in  Figure  2. 

Univariate  analysis  was  performed  using  MDM2,  age,  race,  ER  status,  PR  status,  HER2/new, 
systemic  therapy,  triple  negative  status,  nodal  status,  tumor  size  and  margin  status.  Relevant 
results  are  displayed  in  Table  2.  When  assessing  for  IBRFS,  only  tumor  size,  margin  status,  and 
MDM2  positivity  were  found  to  be  significant  (p =0.0002;  /;=().()  137;  /?=() .04 1 6,  respectively). 
When  assessing  for  LRFS,  tumor  size,  margin  status  and  MDM2  were  again  found  to  be 
significant  (/;=0.000 1 ;  /;=(). 0367;  p=  0.0229,  respectively).  It  should  be  noted  that  while  nodal 
status  approached  significance  for  NRFS  (/;=(). 0686),  no  variable  was  significant  for  NRFS 
possibly  due  to  the  small  number  of  events.  Considering  that  MDM2  was  the  only  marker  that 
was  significant  on  univariate  and  log-rank  tests,  it  was  the  only  IHC  marker  used  for  multivariate 
analysis.  Multivariate  analysis  was  done  for  IBRFS  and  LRFS  using  the  three  variables  that  were 
significant  in  univariate  analysis:  margin  status,  tumor  size  and  MDM2  expression.  Nodal  status 
was  also  included  as  it  approached  significance  for  significance  for  nodal  recurrence  on 
univariate  analysis;  which  in  turn  may  have  an  impact  on  LRFS  (table  3).  MDM2  was  again 
found  to  be  a  significant  predictor  of  IBRFS  and  LRFS  (p=  0.0009  and  0.0003  respectively). 
Additionally  tumor  size  was  once  again  found  to  be  independently  predictive  of  IBRFS  and 
LRFS  (p= 0.0007  and  p=0.0010).  As  MDM2  is  an  estrogen  responsive,  prosurvival  gene,  a 
subset  analysis  of  ER+  and  ER-  tumors  was  done.  MDM2  was  found  to  be  predictive  of  IBRFS 
and  LRFS  on  univariate  analysis  only  in  the  ER+  subset  (p=  0.0003  and  /;=(). 00 1 1  respectively, 
data  not  shown).  The  results  were  similarly  validated  in  multivariate  studies  (p=  0.0037  and 
/;=(). 0037  respectively).  The  prognostic  value  of  MDM2  was  however  not  similarly  observed  in 
the  ER-  subset.  MDM2  expressors  were  found  to  be  9.1  times  more  likely  to  experience 
locoregional  recurrence  free  survival.  The  multivariate  results  are  displayed  in  table  4. 

Through  ubiquitination,  MDM2  marks  p53  for  degradation  and  hence  diminishes  its  cellular 
capacity  to  carry  out  p53-mediated  apoptosis.  In  vivo  and  in  vitro  studies  have  shown  MDM2  to 
be  a  key  negative  regulator  of  p53  and  its  apoptotic  pathways  (Barak,  1993;  Kussie,  1996;  Lin, 
1994;  Wu,  1993).  While  many  studies  have  explored  the  significance  of  MDM2  in  prostate  and 
breast  cancers  largely  with  a  focus  on  overall  recurrence,  there  is  a  lack  of  data  reporting  the 
significance  of  MDM2  protein  expression  on  local  and  regional  outcomes  following  breast 
radiation  (Khor,  2005;  Marchetti,  1995;  McCann,  1995).  In  addition,  much  evidence  has  recently 
been  shed  on  the  structurally  similar  protein  MDM4,  but  few  have  explored  its  significance  in 
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breast  cancer  and  no  studies  have  explored  its  significance  in  relation  to  local  and  regional 
outcomes  in  early  stage  breast  cancer  treated  with  BCS+RT.  Lastly,  although  p53  has  been  well 
studied  in  vivo  and  in  vitro,  associations  between  expression  and  outcomes  have  not  yielded  the 
predicted  results.  As  such  we  hoped  to  study  the  prognostic  potential  of  other  protein  markers  for 
assessing  response  to  radiation  in  early  stage  breast  cancer. 

In  this  study,  we  showed  that  MDM2  overexpression  is  associated  with  significantly  worse  local 
recurrence  in  stage  I  and  stage  II  invasive  breast  cancer  treated  with  BCS+RT  as  defined  by 
ipsilateral  breast  recurrence  free  survival  (IBRFS)  and  loco-regional  recurrence  free  survival 
(LRFS).  When  examining  MDM4  and  p53  expression  however,  we  were  not  able  to  appreciate  a 
similar  prognostic  value.  Lastly,  as  MDM2  expression  has  been  linked  to  active  ERa  signaling, 
(Kim,  2011;  Marchetti,  1995)  we  sought  to  determine  if  the  prognostic  significance  of  MDM2 
was  associated  with  this  subset.  The  fact  that  MDM2  was  only  found  to  have  predictive  value  in 
the  ER+  subset  may  be  explained  by  higher  biologic  activity  of  MDM2  in  estrogen  responsive 
tumors.  Numerous  studies  have  identified  associations  between  MDM2  and  ERa  expression  in 
breast  tissue  and  breast  cancer  cell  lines  [Hori,  2002;  Sheikh,  1993;  Marchetti,  1995].  In  vitro 
data  have  demonstrated  that  MDM2  is  an  estrogen-responsive  gene  through  action  of  activated 
ERa  on  the  estrogen  response  element  in  the  first  intron  of  MDM2  (Hu,  2007;  Brekman,  2011; 
Okumura,  2002;  Phelps,  2003).  Furthermore,  data  support  two  separate  interactions  between 
MDM2  and  estrogen  receptor  signaling.  Duong  et  al.  (Duong,  2007)  demonstrate  that  MDM2 
plays  a  role  in  ERa  turnover  through  its  ubiquitin-ligase  activity  and  targeted  ERa  degradation 
and  downregulation.  In  contrast  to  these  findings,  Kim  et  al.  (Kim,  2011)  demonstrated  MDM2- 
enhanced  ERa-mediated  transactivation  in  the  presence  of  wildtype  p53.  Both  studies  however 
emphasize  protein-protein  interactions  between  MDM2  and  ERa  leading  to  these  functional 
responses. 

These  findings  suggest  that  while  both  MDM4  and  MDM2  are  involved  in  the  negative 
regulation  of  p53  and  subsequent  arrest  of  apoptosis,  only  MDM2  protein  expression  may  have 
prognostic  value  in  determining  local  outcomes  in  early  stage  breast  cancer  treated  with 
BCS+RT.  These  results  add  to  a  growing  body  of  evidence  demonstrating  that  increased 
expression  of  MDM2  has  negative  prognostic  value  for  various  endpoints  in  multiple  tumor 
types  (Bueso-Ramos,  1996;  Khor,  2005;  Kim,  2011;  Marchetti,  1995;Marchetti,  1995;  McCann, 
1995;  Turbin,  2006;  Lukas,  2001).  The  prognostic  value  of  MDM2  found  to  be  independent  of 
MDM4  and  p53  status  of  the  tumor  cores.  Additionally,  it  should  be  noted  that  MDM2  was 
found  to  be  an  independent  predictor  for  local  outcomes  in  early  stage  breast  cancer  regardless  of 
patients  having  received  chemotherapy  or  hormone  therapy. 

Interestingly,  there  is  a  correlation  between  MDM2  expression  and  Her2  phenotype,  i.e.  higher 
expression  of  MDM2  was  more  common  in  Her2  overexpressors  (Table  1).  Nearly  an  equal 
number  of  tumors  stained  positive  for  Her2  as  were  positive  for  p53.  P53  expression,  normally 
low  in  the  absence  of  cell  stress,  is  thought  to  increase  in  the  presence  of  p53  mutation  due  to 
resultant  stabilization  of  the  dysfunctional  protein.  P53  mutations  are  more  common  in  Her2 
overexpressing  breast  tumors.  At  least  one  study  has  identified  a  relationship  between  Her2 
expression  with  MDM2  expression  (Casalini,  2001).  However,  in  that  study,  MDM2  is 
downregulated  in  the  presence  of  wild  type  p53.  Therefore,  the  association  observed  in  this 
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dataset  may,  in  part,  reflect  the  p53-Her2  pathway  interaction.  This  dataset  though,  does  not  have 
sufficient  information  to  validate  this  hypothesis. 

To  our  knowledge  this  is  the  first  study  assessing  the  significance  of  protein  expression  of 
MDM2,  MDM4  and  p53  for  local  recurrence  in  conservatively  treated,  early  stage  breast  cancer. 
This  cohort  demonstrated  that  increased  expression  of  MDM2  correlated  with  reduced  ipsilateral 
breast  recurrence  free  survival,  and  worse  locoregional  relapse  free  survival  in  early  stage  breast 
cancer  treated  with  breast  conserving  surgery  and  radiotherapy.  Moreover,  on  subset  analysis,  it 
was  found  that  MDM2  was  only  found  to  have  prognostic  value  in  the  ER  +  subset  alluding  to 
the  importance  of  this  protein  in  ER+  breast  cancer.  These  results  add  to  the  growing  body  of 
evidence  assessing  the  prognostic  value  of  MDM2  expression,  and  its  potential  as  a  therapeutic 
target  in  combination  with  radiation  therapy.  If  confirmed  in  larger  studies,  these  results  can  have 
significant  clinical  implications.  However,  further  studies  are  needed  to  assess  its  importance  in 
regional  recurrence,  and  of  MDM4  and  combinations  of  other  markers  in  prognosis. 

Task  2  Determine  the  impact  of  mdm2  SNP309  on  the  results  of  adjuvant  chemotherapy. 

A  total  of  2453  women  have  been  consented  for  participation  in  the  parent  study  protocol  as  of 
May  12,  2010  (CINJ  Protocol  #040406,  IRB#  0220044862).  Of  these,  genomic  DNA  has  been 
isolated  from  1,720  patients.  The  information  contained  in  Table  5  reflects  data  available  from 
chart  review  for  study  participants  (this  chart  review  was  completed  as  of  February  15,  2010). 

The  timing  of  recurrence  is  an  important  variable  in  this  dataset  since  the  median  follow-up  time 
is  7.2  years.  Of  160  recurrences,  however,  71%  occur  by  the  end  of  5  years  (Table  6).  The 
majority  of  recurrences  beyond  five  years  reflect  estrogen  receptor  positive  disease. 

The  nature  of  recurrence  reflects  the  initial  stage,  molecular  features,  and  type  of  therapy  given 
adjuvantly.  Table  7  depicts  the  distribution  of  adjuvant  therapies  delivered  in  this  cohort  of 
breast  cancer  patients.  The  majority  of  patients  received  radiation,  chemotherapy,  and/or 
hormonal  therapy.  Only  about  12%  of  patients  received  trastuzumab. 

We  will  be  using  this  cohort  to  determine  the  genotype- specific  recurrence  free  survival  for  the 
following:  1)  hormone  receptor  positive  and  hormone  receptor  negative  breast  cancers;  2) 
hormone  receptor  positive  breast  cancer  patients  receiving  hormonal  therapy  alone;  2)  breast 
cancer  patients  receiving  chemotherapy  only  (hormone  receptor  positive  and  negative  disease); 

3)  breast  cancer  patients  receiving  chemotherapy  followed  by  hormonal  therapy  (hormone 
receptor  positive  only). 

Breast  Cancer  Recurrence  as  a  Function  of  Receptor  Status ,  MDM2  SNP309  Genotype,  and 
Adjuvant  Therapy.  Of  157  recurrences  with  known  genotypes,  more  than  50%  were  in  estrogen 
receptor  negative  (ER-)  breast  cancers,  as  expected.  In  estrogen  receptor  negative  breast  cancer, 
the  recurrence  rate  was  29%  as  compared  to  16%  in  estrogen  receptor  positive  (ER+)  disease. 
There  is  no  significant  difference  in  risk  of  recurrence  by  genotype  for  either  estrogen  receptor 
positive  or  estrogen  receptor  negative  breast  cancers  (Table  8).  For  ER-  disease  risk  of  GG  vs. 

TT  genotype,  OR  1.132  Cl  [0.594-2.158],  p=0 .707.  For  ER+  disease,  OR  for  recurrence  for  GG 
as  compared  with  TT  was  1.329  Cl  [0.837-2.11],  p=0.227.  Although  the  frequency  of  recurrence 
for  GG  ER-  is  20%  and  for  ER+  is  13%,  this  is  not  statistically  significant  (p=0.41). 
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Because  of  the  lack  of  targeted  therapy  for  hormone  receptor  negative  disease,  its  more 
aggressive  behavior  and  propensity  to  recur,  the  majority  of  patients  with  hormone  receptor 
negative  disease  received  chemotherapy  (Tables  9,  10).  Those  patients  with  ER-  disease 
receiving  chemotherapy  demonstrate  an  enrichment  of  GG  genotype  in  those  that  recur  as 
compared  to  other  genotypes.  This  was  not  significant:  OR  1.566  Cl  [0.608-4.036],  p=0.352. 
However,  in  ER+  patients  receiving  chemotherapy,  heterozygotes  are  enriched  in  those  recurring 
but  this  did  not  reach  statistical  significance. 

Association  ofMDM2  SNP309  with  Recurrence  of  Early  Stage  Breast  Cancer 
Because  stage  III  disease  has  the  highest  risk  of  recurrence  due  to  its  advanced  nature,  early 
stage  disease  was  then  analyzed  separately.  This  included  stage  0  through  stage  IIB  disease. 
Again,  there  is  an  insignificant  enrichment  of  the  heterozygotes  recurring  in  those  that  were  ER+ 
and  received  hormone  therapy.  Overall,  recurrence  rates  were  similar  between  ER-  disease  and 
ER+  disease  by  genotype  (Table  1 1).  This  finding  is  significant  because  hormone  receptor 
positive  disease  has  a  better  prognosis  than  hormone  receptor  negative  disease  in  general. 

Site-Specific  Recurrence  as  a  Function  ofMDM2  SNP309 

We  analyzed  the  site  of  recurrence  for  stages  O-III  breast  cancer  as  a  function  of  MDM2 
genotype.  There  were  few  cases  where  recurrences  were  regional  or  multiple  sites  including 
local,  regional,  and  distant  loci  (n=ll).  Therefore,  most  recurrences  were  either  local  (n=49)  or 
distant  only  (n=49).  While  genotype  did  not  associate  with  risk  of  local  recurrence,  G  carriers 
had  a  higher  risk  of  recurrence:  OR  2.188  Cl  [1.070-4.477],  p=0.028.  Pattern  of  recurrence  in  G 
carriers  also  favored  distant  over  local  recurrences:  OR  3.263  Cl  [1.262-2.456],  p=0.013.  The 
lack  of  association  with  local  recurrence  rate,  but  association  with  distant  recurrence  confirms 
the  finding  in  Aim  1 . 

Combinatorial  Analysis  ofMDM2  SNP309  with  MDM4  Genotypes 

Because  we  had  previously  shown  that  the  variant  G  allele  of  MDM2  SNP309  associates  with 
earlier  age  of  diagnosis  of  ductal  breast  cancers  (1)  and  more  recently  demonstrated  in  the  same 
population  that  the  variant  T  allele  of  MDM4  also  results  in  earlier  age  of  diagnosis  of  ductal 
breast  cancers  (2),  we  asked  whether  the  combination  of  each  risk  allele  would  further  modify 
the  age  at  diagnosis  of  ductal  breast  cancers.  The  combination  of  the  risk  genotypes  of  MDM4 
with  MDM2  results  in  the  earliest  onset  of  estrogen  receptor  negative  breast  cancer.  The  mean 
age  of  diagnosis  for  MDM4/MDM2  combinations  were  41 .9  and  50.8  for  TT/TG  and  CC/TG, 
respectively  (A=8.9  years;  p=0.0099).  There  were  insufficient  numbers  to  compare  homozygous 
variants  for  both  MDM4  and  MDM2  with  the  combination  wildtype.  There  was  only  one  TT/GG 
combination,  diagnosed  at  age  42.  In  contrast,  in  estrogen  receptor  positive  breast  cancer,  the 
MDM4  risk  allele  appears  to  negate  the  previously-observed  earlier  onset  of  the  MDM2  SNP309 
G  allele.  For  example,  when  MDM4  was  homozygous  wildtype,  there  was  a  1.8  year  difference 
in  age  of  onset  where  the  GG  combination  was  diagnosed  earlier.  When  the  MDM4  homozygous 
variant  TT  was  combined  with  MDM2  SNP309,  the  age  of  diagnosis  was  54.2  years  and  51.9 
years  for  the  TT/TT  and  TT/TG  combined  genotypes.  Although  the  combined  TT/GG  variants 
showed  an  age  of  diagnosis  of  64  years,  there  were  only  3  cases,  underpowering  this  comparison. 


10 


Task  3  Determine  the  ability  of  anti-estrogens  to  restore  drug  and  irradiation  sensitivity  by 
decreasing  mdm2  expression 

In  this  grant  period,  we  have  investigated  the  effects  of  anti-estrogen  agent,  fulvestrant,  on  mdm2 
expression  and  sensitivity  of  human  breast  cancer  cells  to  chemotherapeutic  drugs.  We  found 
that  in  both  MCF7  (T/G)  and  T47D  (G/G)  human  breast  cancer  cell  lines,  fulvestrant  decreases 
mdm2  expression  to  similar  extents  (Figure  3).  Further,  fulvestrant  not  only  abolished  the  effect 
of  estradiol  (E2),  but  also  was  also  able  to  suppress  mdm2  protein  levels  below  the  control  (no 
E2)  level  (Figure  4).  Mdm2  depletion  by  fulvestrant  did  not  correlate  with  an  increase  in  p53 
activation  (slight  decrease)  and  no  change  in  p21  levels  was  observed  (Figure  5).  Fulvestrant  did 
not  cause  a  reduction  in  mdm2  mRNA,  but  reduces  mdm2  protein  half-life  (Figure  6).  The 
combination  of  fulvestrant  and  chemotherapeutic  drugs  doxorubicin,  etoposide  or  paclitaxel 
showed  synergism  in  MCF7  and  T47D  cells  (Figure  7). 

Epidemiologic  evidence  suggests  that  genistein  intake  is  inversely  related  to  the  risk  of  several 
tumors  including  breast  cancer  but  its  mechanism  of  action  is  not  completely  understood. 
However,  conflicting  data  exists  on  the  effect  of  genistein  on  the  expression  of  the  estrogen- 
dependent  mdm2  gene.  We  hypothesized  that  if  genistein  acted  like  an  anti-estrogen,  it  could 
bind  estrogen  receptor  (ER),  preventing  binding  to  the  ERE  at  the  mdm2  promoter  and  lead  to 
down-regulation  of  mdm2  expression.  For  those  cells  in  which  SNP309  is  present,  we 
anticipated  even  stronger  effects.  To  explore  this,  we  grew  breast  cancer  cells  under  conditions 
of  no  estrogen  (PF),  normal  media  (N),  with  estradiol  (E2),  with  Tamoxifen  (T),  and  with 
genistein  (G).  We  selected  three  ER+  breast  cancer  cell  lines  representing  the  three  MDM2 
SNP309  genotypes:  ZR75-1  (TT),  MCF-7  (TG),  and  T47D  (GG).  Protein  was  isolated  from  the 
cells  grown  in  the  various  conditions  and  Western  blot  analysis  was  performed  (Figure  8). 

In  MCF-7  cells  (TG),  mdm2  protein  is  reduced  when  cells  are  grown  in  the  absence  of  estrogen 
media  as  compared  with  normal  media  or  with  estradiol.  With  Tamoxifen  or  genistein,  relative  to 
estradiol,  mdm2  was  reduced,  but  remained  at  levels  higher  than  that  in  the  absence  of  estrogen. 
In  T47D  (GG  genotype),  the  response  in  the  absence  of  estrogen,  normal  media,  and  with 
estradiol  treatment  is  similar  to  that  of  MCF-7  cells  (TG  genotype).  However,  by  comparison, 
mdm2  levels  are  reduced  to  levels  nearly  equivalent  to  those  in  the  absence  of  estrogen  when 
treated  with  Tamoxifen  and  genistein.  Of  interest,  the  ~50kDa  isoform  of  mdm2  is  reduced 
further  with  genistein  as  compared  with  Tamoxifen,  suggesting  an  effect  on  alternative  splicing. 
In  ZR75-1  cells  (TT),  no  50kDa  isoform  is  expressed.  In  contrast  to  the  MCF7  and  T47D 
cells,  genistein  and  Tamoxifen  treatment  resulted  in  increased  mdm2.  Increased  expression  may 
be  the  result  of  increased  transcription  or  posttranslational  changes  leading  to  reduced 
degradation  and  longer  half-life.  These  results  suggest  a  genotype- specific  effect  of  genistein  and 
may  explain  contradictory  effects  observed  in  studies. 

The  P2  promoter  of  mdm2  has  an  ERE  and  we  previously  demonstrated  that  mdm2  levels  are 
estradiol  dose-dependent  and  genotype  dependent  (preliminary  data  for  proposal).  Therefore,  we 
had  hypothesized  that  Tamoxifen,  an  anti-estrogen  that  binds  ER,  would  result  in  decreased 
mdm2  as  well  as  decreased  binding  at  the  promoter  as  determined  by  chromatin 
immunoprecipitation  (figure  9).  While  this  was  true  in  ZR75-1  cells  and  to  a  much  lesser  degree 
in  MCF7  cells,  binding  occurred  in  the  presence  of  Tamoxifen  in  T47D.  As  genistein  is  thought 
of  as  an  anti-estrogen,  we  hypothesized  that  genistein  treatment  would  result  in  decreased 
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binding  to  the  ERE.  With  genistein  treatment,  ER  still  bound  the  P2  promoter  region  but 
transcription  was  reduced  in  MCF7  and  T47D.  Interestingly,  binding  appeared  to  be  reduced  in 
ZR75-1  for  treatment  with  estradiol,  Tamoxifen,  and  genistein.  Since  protein  levels  were 
increased  in  ZR75-1  with  Tamoxifen  and  genistein,  this  suggests  that  post-translational 
modification  leading  to  longer  half-life  may  play  a  role  in  increased  mdm2  levels  with  these 
treatments.  It  is  not  clear  if  this  is  truly  a  genotype-specific  effect  or  if  this  is  related  to  this 
particular  cell  line. 


KEY  RESEARCH  ACCOMPLISHMENTS 

•  We  observed  that  anti-estrogen  agent,  fulvestrant,  causes  a  decrease  in  mdm2  protein  half- 
life,  leading  to  a  reduction  in  mdm2  following  treatment  with  this  agent. 

•  We  demonstrate  that  combined  use  of  fulvestrant  with  chemotherapeutic  drugs  doxorubicin, 
etoposide  and  paclitaxel  can  enhance  the  sensitivity  of  breast  cancer  cells  to  these  cytotoxic 
agents. 

•  We  observed  that  mdm2  expression  is  differentially  modulated  by  estrogen,  the  anti-estrogen 
tamoxifen,  and  genistein  in  a  genotype-specific  manner.  The  largest  effects  on  reduction  in 
mdm2  expression  at  the  protein  level  occur  in  the  mdm2  SNP309  cell  line. 

•  We  observed  that  binding  of  estrogen  receptor  alpha  to  the  mdm2  promoter  is  less  efficient  in 
the  wildtype  mdm2  breast  cell  line  in  the  presence  of  estrogen,  tamoxifen,  and  genistein  as 
compared  with  cell  lines  carrying  at  least  one  variant  allele. 

•  We  have  accrued  the  patients  needed  to  evaluate  the  role  of  SNP309  in  mdm2  on  outcomes 
associated  with  chemotherapy  and  hormonal  therapy. 

•  We  have  analyzed  associations  between  MDM2  SNP309  and  breast  cancer  phenotypes. 

•  We  have  observed  that  mdm2  tissue  expression  in  primary  breast  tumors  correlates  with  local 
and  locoregional  recurrence  of  breast  cancer  in  women  with  stage  I  or  stage  II  tumors 
undergoing  breast  conserving  surgery  and  radiation. 
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CONCLUSIONS 

1.  Selective  estrogen  receptor  down-regulator,  fulvestrant,  decreases  MDM2  expression  and 
enhances  sensitivity  of  human  breast  carcinoma  cells  to  chemotherapeutic  drugs  (such  as 
doxorubicin,  etoposide  and  paclitaxel). 

2.  The  anti-estrogen  tamoxifen  decreases  MDM2  expression  in  a  genotype-specific  manner. 

3.  MDM2  SNP309  G  allele  associates  with  increased  risk  of  distant  recurrence  of  breast  cancer. 

4.  MDM2  SNP309  G  allele  associates  with  increased  risk  of  contralateral  breast  cancer  events. 

5.  Mdm2  tissue  expression  in  primary  breast  tumors  is  prognostic  for  both  local  and  locoregional 
recurrence  of  breast  cancer  in  women  with  stage  I  or  stage  II  tumors  undergoing  breast 
conserving  surgery  and  radiation. 
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SUPPORTING  DATA 


Figure  1:  Representative  immunohistochemical  staining  of  MDM2  in  breast  tumors  (40x):  a. 
MDM2  positive;  b.  MDM2  negative 
a. 


b. 
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Survival  Distribution  Function  Survival  Distribution  Function 


Figure2:  Kaplan  Meier  survival  curves  of  MDM2+  (red)  v.  MDM2-  (blue)  for:  a.  Ipsilateral 
breast  recurrence  b.  Locoregional  recurrence 
a. 


1.00 


0.75 


0.50 


025 


0.00 

0  2  4  6  8  10 

brtimel 

STRATA:  -  s_mdm2=0  +  +  +  Censored  s_mdm2=0 

-  s_mdm2=1  ±  +  +  Censored  s_mdm2=1 

lOyrlrrtime:  s_mdm2 

1.00 


0.75 


0.50 


025 


0.00 

0  2  4  6  8  10 

Irrtimel 

s_mdm2=0  +  +  +  Censored  s_mdm2=0 

s  mdm2=1  4-  4-  4-  Censored  s  mdm2=1 


lOyrbrtime:  s_mdm2 


STRATA: 


Table  1 .  Correlation  of  clinical  and  pathologic  factors  with  MDM2  expression 


MDM2 

expression 

Feature 

Total  (%) 

Negative  (%) 

Positive  (%) 

P 

Age  (y) 

<50 

120(40) 

1 10(40) 

10(38) 

0.90 

>50 

183(60) 

167(60) 

16(62) 

Race 

White 

241(80) 

221(80) 

20(77) 

0.67 

Black 

49(16) 

45(16) 

4(15) 

Other 

13(4) 

11(4) 

2(7) 

ER 

Negative 

108(37) 

100(38) 

8(32) 

0.58 

Positive 

183(63) 

166(64) 

17(68) 

PR 

Negative 

211(71) 

193(71) 

18(72) 

0.91 

Positive 

86(29) 

79(29) 

7(28) 

HER2 

Negative 

250(86) 

234(88) 

16(67) 

<0.01 

Positive 

40(14) 

32(12) 

8(33) 

Triple  Negative  Status 
ER-/PR-/Her2- 

72(25) 

69(26) 

3(12) 

0.12 

>1+  Marker 

220(75) 

198(74) 

22(88) 

Adjuvant  hormones 

Not  Received 

162(54) 

147(53) 

15(60) 

0.51 

Received 

140(46) 

130(47) 

10(40) 

Adjuvant 

chemotherapy 

Not  Received 

194(64) 

180(65) 

14(56) 

0.37 

Received 

108(36) 

97(35) 

11(44) 

Pathologic  N  stage 

0 

180(77) 

164(77) 

16(76) 

0.75 

1 

49(21) 

44(21) 

5(24) 

2 

5(2) 

5(2) 

0 

Tumor  size 

Tl(<2cm) 

183(64) 

170(67) 

13(52) 

0.38 

T2  (2-5cm) 

101(36) 

89(33) 

12(48) 

Margin  status 

Positive 

23(8) 

21(8) 

2(8) 

0.59 

Negative 

218(72) 

197(71) 

21(80) 

Unknown 

62(20) 

59(21) 

3(12) 

*  The  totals  for  each  marker  are  different  as  all  clinicopathologic  data  was  not  available 
for  every  patient. 
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Table  2:  Univariate  analysis  of  prognostic  factors  and  10  year  outcomes 


Prognostic  Factor 

IBRFS 

HR 

(95%  Cl) 

p-value 

NRFS 

HR 

(95%  Cl) 

p-value 

LRFS 

HR 

(95%  Cl) 

p-value 

MDM2  positivity 

3.077 

(1.044-9.073) 

0.0416 

2.059 

(0.247  -  17.134) 

0.5042 

3.084 

(1.169  -  8.134) 

0.0229 

Age  >  50  years 

0.678 

(0.375  -  1.226) 

0.1988 

0.616 

(0.178  -2.128) 

0.4438 

0.638 

(0.368  -  1.105) 

0.1086 

Race 

1.318 

(0.780  -  2.230) 

0.3025 

1.500 

(0.531  -4.232) 

0.4439 

1.337 

(0.824-2.171) 

0.2393 

ER  status 

0.853 

(0.447  -  1.629) 

0.6302 

0.415 

(0.099-  1.739) 

0.2292 

0.797 

(0.434  -  1.460) 

0.4619 

PR  status 

0.664 

(0.292-  1.512) 

0.3295 

N/A 

0.9941 

0.561 

(0.249  -  1.264) 

0.1632 

HER2  status 

0.716 

(0.220  -  2.329) 

0.5784 

1.158 

(0.142-9.415) 

0.8907 

0.847 

(0.302  -  2.373) 

0.7521 

Systemic 

Therapy* 

0.656 

(0.363  -  1.18) 

0.1631 

0.850 

(0.240-3.016) 

0.8014 

0.663 

(0.382-  1.151) 

0.1440 

Triple  negative 
status 

0.881 

(0.431  -  1.800) 

0.7285 

0.385 

(0.096-  1.542) 

0.1777 

0.836 

(0.431  -  1.621) 

0.5954 

Nodal  Status 

1.161 

(0.463  -2.910) 

0.7496 

5.280 

(0.881  -  31.652) 

0.0686 

1.403 

(0.621  -  3.170) 

0.4154 

Tumor  Size 

3.175 

(1.738  -5.802) 

0.0002 

2.538 

(0.720  -  8.952) 

0.1474 

3.027 

(1.727  -5.303) 

0.0001 

Margin 

3.174 

(1.267  -7.950) 

0.0137 

2.400 

(0.268  -21.487) 

0.4337 

2.607 

(1.061  -6.403) 

0.0367 

*  Systemic  Therapy  is  defined  as  receiving  hormonal  therapy,  chemotherapy  or  both. 
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Table  3.  Multivariate  analysis  of  prognostic  factors  and  10  year  outcomes 


Prognostic  Factor 

IBRFS 

HR 

(95%  Cl) 

p-value 

LRFS 

HR 

(95%  Cl) 

p-value 

Tumor  size 

9.310 

(2.570  -  33.725) 

0.0007 

5.829 

(2.039  -  16.665) 

0.0010 

Margin  status 

1.099 

(0.569  -  2.123) 

0.7784 

1.174 

(0.663  -  2.079) 

0.5822 

Nodal  Status 

0.694 

(0.175  -  2.762) 

0.6048 

1.029 

(0.327  -  3.235) 

0.9613 

MDM2  expression 

11.235 

(2.710-46.577) 

0.0009 

9.274 

(2.794  -  30.783) 

0.0003 

Abbreviations:  IBRFS  =  Ipsilateral  breast  recurrence  survival.  LRFS  =  Locoregional 
recurrence-free  survival. 
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Table  4.  10  year  Multivariate  analysis  of  MDM2  in  ER+  and  ER-  subsets 


ER+  (n=183)  ER-  (n-108) 


Prognostic 

Factor 

IBRFS 

HR 

(95%  Cl) 

p-value 

LRFS 

HR 

(95%  Cl) 

p-value 

IBRFS 

HR 

(95%  Cl) 

p-value 

LRFS 

HR 

(95%  Cl) 

p-valu 

Tumor  size 

1.676 

0.2014 

1.676 

0.2014 

1.228 

0.5172 

1.190 

0.5141 

(0.759  -  3.700) 

(0.759-  3.700) 

(0.660  -  2.286) 

(0.706  -  2.006) 

Margin 

1.725 

0.5649 

1.725 

0.5649 

0.850 

0.9093 

0.783 

© 

OO 

-^) 

(  r, 

status 

(0.270  -  11.032) 

(0.270-  11.032) 

(0.051  -  14.072) 

(0.054-  11.337) 

Nodal 

0.861 

0.3855 

0.861 

0.3855 

1.326 

0.1339 

1.262 

0.17K 

Status 

(0.614-  1.207) 

(0.614-  1.207) 

(0.917-1.916) 

(0.904-  1.761) 

MDM2 

9.144 

0.0037 

9.144 

0.0037 

0.000 

0.9955 

1.978 

0.5374 

,‘xpression 

(2.051  -40.769) 

(2.051  -40.769) 

(0.000  -  N/A) 

(0.226-  17.272) 

Abbreviations:  IBRFS  =  Ipsilateral  breast  recurrence  survival.  NRFS  =  Nodal  recurrence  free  survival. 
LRFS  =  Locoregional  recurrence  free  survival. 

*  Systemic  Therapy  is  defined  as  receipt  of  hormonal  therapy,  chemotherapy  or  both. 
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Table  5-  Demographics  of  Study  Cohort  at  The  Cancer  Institute  of  New  Jersey. 


Race 

Number  of  Patients 

%  of  Patients 

African  American 

57 

5.7 

Asian 

41 

4.1 

Caucasian 

771 

77.3 

Hispanic 

61 

6.1 

Indian 

25 

2.5 

Other 

43 

4.3 

Tumor  Type 

Number  of  Patients 

%  of  Patients 

Colloid/Mucinous 

12 

1.3 

DCIS 

93 

9.8 

Invasive  Ductal 

705 

74.5 

Invasive  Lobular 

94 

9.9 

Medullary 

6 

0.6 

Metaplastic 

4 

0.4 

Other 

32 

3.4 

Unknown 

52 

n/a 

ER  Status 

Number  of  Patients 

%  of  Patients 

Positive 

748 

74.9 

Negative 

250 

25.1 

PR  Status 

Number  of  Patients 

%  of  Patients 

Positive 

638 

63.9 

Negative 

361 

36.2 

Her2/Neu  Status 

Number  of  Patients 

%  of  Patients 

Not  amplified  or  0-2+  IHC 

553 

79.9 

Amplified  or  3+  IHC 

145 

20.1 

(all  2+  by  IHC  were  reflexed  for  FISH) 

Stage 

Number  of  Patients 

%  of  patients 

0 

93 

9.3 

1 

345 

34.6 

1 1 A 

198 

12.5 

MB 

125 

12.5 

IMA 

70 

7.0 

IIIB 

25 

2.5 

MIC 

20 

2.0 

IV 

40 

4 

Unknown 

156 

15.6 

Tumor 

%  of  Patients 

TO 

5.2 

T1 

46.3 

T2 

24.7 

T3 

6.5 

T4 

4.6 
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Node  status 

NO 

47.6 

N1 

32.5 

N2 

3.7 

N3 

0.2 

Metastatic  Status 

MO 

86 

Ml 

4 

Recurrence  Status 

%  of  patients 

Yes 

20.3 

No 

79.7 

(excludes  stage  IV  at  diagnosis) 

Table  6.  Time  to  recurrence  of  breast  cancer  from  date  of  initial 
biopsy-proved  disease. 

Year(s)  to 
recurrence 

n 

%  of  all  recurrences 

1 

13 

0.081 

2 

39 

0.243 

3 

23 

0.144 

4 

19 

0.119 

5 

21 

0.131 

6 

10 

0.063 

7 

5 

0.031 

8-10 

8 

0.050 

>10 

22 

0.138 

Table  7.  Distribution  of  the  adjuvant  therapy  received  by 
breast  cancer  patients  in  this  cohort. 

Patients  Receiving  Each 
Treatment 

No  (%) 

Yes  (%) 

Radiation 

22.8 

77.2 

Chemotherapy 

32.7 

67.3 

Hormonal  therapy 

27.7 

72.3 

Trastuzumab 

87.7 

12.3 
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Table  8.  Rates  of  breast  cancer  recurrence  as  a  function  of  hormone 
receptor  status  and  use  of  adjuvant  hormone  therapy. 

ER-/no  hormone  therapy 

ER+/hormone  therapy 

No  recurrence 

Recurrence 

No  Recurrence 

Recurrence 

TT 

50  (0.35) 

19  (0.32) 

190  (0.38) 

31  (0.32) 

TG 

70  (0.49) 

28  (0.47) 

224  (0.45) 

54  (0.55) 

GG 

23  (0.16) 

12  (0.20) 

85  (0.17) 

13  (0.13) 

Table  9.  Rates  of  ER-  breast  cancer  re< 
genotype  in  those  receiving  adjuvant  cl 

mrrence  by  MDM2  SNP309 
hemotherapy. 

ER-/no  chemo 

ER-/chemo 

No  recurrence 

Recurrence 

No  Recurrence 

Recurrence 

TT 

8 

1 

41  (0.36) 

16  (0.30) 

TG 

2 

0 

54  (0.48) 

26  (0.49) 

GG 

0 

0 

18  (0.16) 

11  (0.21) 

Table  10.  Rates  of  ER+  breast  cancer  recurrence  by  MDM2  SNP309 
genotype  in  those  receiving  adjuvant  chemotherapy. 

ER+/no  chemo 

ER+/chemo 

No  recurrence 

Recurrence 

No  Recurrence 

Recurrence 

TT 

70  (0.38) 

7 

88  (0.37) 

20  (0.29) 

TG 

84  (0.46) 

5 

106  (0.45) 

40  (0.58) 

GG 

30  (0.16) 

3 

44  (0.18) 

9  (0.13) 

Table  11.  Rate  of  breast  cancer  recurrence  in  ER+  and  ER-  disease  by 
MDM2  SNP309  genotype  and  use  of  adjuvant  hormone  therapy. 

ER-/no  hormone  therapy 

ER+/hormone  therapy 

No  recurrence 

Recurrence 

No  Recurrence 

Recurrence 

TT 

25  (0.31) 

11  (0.37) 

116(0.36) 

20  (0.29) 

TG 

42  (0.53) 

15  (0.50) 

148  (0.46) 

37  (0.54) 

GG 

13  (0.16) 

4(0.13) 

58  (0.18) 

11  (0.16) 

26 


1DD 

MCF7 

SD 

1  60 

1 

r 

a-  4\> 

£ 

2D 

J 

111 

D  D.l  1  ID 

Fu(ve3tr*nt  fuMW66  ha  >  "  ER 

□  tom  2 

T 

1 

■  i. 

D.l  1 

Futveatrant  (uM)(66  ha  > 


Fulvestrant  (uM) 


0.1 


10 


ER 

Mdm2 


actin 


Fulvestrant  (uM) 
0  0.1  1  10 


ER 

Mdm2 


actin 


Figure  3.  Effect  of  the  antiestrogen  fulvestrant  on  expression  of  estrogen  receptor  and 
mdm2  proteins.  Two  breast  cancer  cell  lines  MCF7  and  T47D  were  grown  at  various 
concentrations  (0-10  micromolar)  of  fulvestrant  for  66  hours.  Protein  was  then  harvested 
and  levels  of  estrogen  receptor  and  mdm2  were  assayed  by  Western  blot.  The  upper  plots 
demonstrate  the  dose-dependent  reduction  of  both  proteins  in  each  cell  line. 
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Figure  4.  Effect  of  the  antiestrogen  fulvestrant  on  mdm2  levels  in  breast  cancer  cells 
grown  in  the  presence  of  estradiol.  Two  breast  cancer  cell  lines  MCF7  and  T47D  were 
grown  in  the  presence  of  estradiol,  and  estradiol  with  one  of  two  concentrations  of 
fulvestrant.  Thee  lower  plots  represent  the  Western  blot  analysis  corresponding  to  the 
quantification  in  the  upper  graphs. 
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Figure  5.  Effect  of  estradiol  and  the  antiestrogen  fulvestrant  on  p53  and  p21  in  breast 
cancer  cell  lines.  The  breast  cancer  cell  lines  MCF7  was  grown  in  estradiol  alone  or  with 
the  presence  of  lOmicromolar  fulvestrant.  Protein  was  harvested  and  Western  blot 
analysis  performed  to  detect  p53  and  p21.  The  lower  plot  depicts  the  Western  blot  for 
each  protein  using  actin  as  a  loading  control.  This  plot  was  used  to  quantitate  protein 
levels  expressed  in  the  upper  curves. 
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Figure  6.  Effect  of  fulvestrant  on  the  half-life  of  mdm2  protein.  Two  breast  cancer  cell 
lines  T47D  and  MCF7  were  grown  in  the  absence  and  the  presence  of  the  antiestrogen 
fulvestrant.  Cell  were  treated  with  cycloheximide  (CHX)  and  mdm2  protein  expression 
was  determined  at  various  time  points.  The  lower  curves  show  Western  Blot  analyses 
from  each  cell  type  using  actin  as  a  loading  control  and  were  used  to  quantitate  mdm2 
levels  given  in  the  corresponding  curves  above. 
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Figure  7.  Effect  of  combining  the  antiestrogen  fulvestrant  with  doxorubicin,  paclitaxel,  or 
etoposide  in  two  breast  cancer  cell  lines.  Analysis  of  cell  response  was  determined  using 
the  CompuSyn  program.  Each  combination  was  observed  at  two  concentrations  of 
chemotherapeutic  agent  while  keeping  the  concentration  of  fulvestrant  constant.  The  last 
column  indicates  the  type  observed  effect  of  the  combination  for  each  drug  and  dose. 
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Figure  8.  Western  blot  demonstrates  mdm2  protein  expression  in  three  ER+  breast  cancer  cells 
lines  representing  the  three  SNP309  genotypes:  ZR75-1  (TT),  T47D  (GG),  MCF7  (TG).  Cells 
were  grown  under  different  conditions:  phenol-free,  charcoal  stripped  media  (PF),  normal  media 
(N),  estradiol  (E2),  Tamoxifen  (T),  or  genistein  (G). 
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Figure  9.  Chromatin  immunoprecipitation  using  anti-ERalpha  antibody  with  PCR  of  the 
mdm2  P2  promoter  region  was  performed  in  the  three  ER+  breast  cancer  cell  lines 
representing  each  of  the  three  MDM2  genotypes. 
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